Uropygial gland secretions from five out of a total of seven species forming the genus Ciconia (family Ciconiidae; order Ciconiiformes) were found to consist of mixtures of monoester waxes, diester waxes, triester waxes, and triglycerides. Monoester waxes were com posed of unbranched fatty acids and alcohols, whereas diester waxes derived from both 2-and 3-hydroxy fatty acids esterified with unbranched alcohols and fatty acids. Interestingly, triester waxes were also found deriving from either 2-hydroxy alkylmalonic acids or from erythro-2,3-dihydroxy fatty acids the latter of which have not yet been found in vertebrates so far. To compare the typical mass spectrometric fragmentation of this class of compounds eryr/?/-o-2,3-dihydroxyhexadecanoic acid has been synthesized.
Introduction
C om parativ e analysis of uropygial gland lipids has been successfully used for chem otaxonom ic studies of birds (Jacob and Ziswiler, 1982; Jacob, 1984) since they exhibit a surprisingly constant qualitative com position within distinct taxa, m ainly at the o rd e r and occasionally also at the family level but significant differences betw een these taxa. Som e ciconiiform birds (storks, ibisses, m arabus, h ero n s) have been analysed so far and, taking the d a ta tog eth er, it appears th at the above correlation does not hold for this order, since sig nificant qualitative differences were found b e tw een the g en era Ciconia (Jacob, 1976) , Nycticorax (Jacob, 1975) , Ardea (Poltz and Jacob, 1974) , Leptoptilos (Jacob and Pomeroy, 1979) , Threskiornis (Jacob, 1978a) , Theristicus (Jacob, 1978a) , and Scopus (Jacob, 1978a) , all belonging to the sam e o rd e r (C iconiiform es). W ith regard to the num erous positive findings, however, which clearly indicate the validity of the chem otaxo nom ic hypothesis it ap pears th at the Ciconiiformes are a polyphyletic assem blage of species. Recently, som e Ciconia species ( Ciconia nigra, C.abdimii, C.episcopus, C.maguari) becam e available to us al lowing a m ore d etailed chem osystem atic analysis of this genus com prising a total of 7 species from Reprint requests to Prof. Dr. J. Jacob. Telefax: 04102/63028. which h ith erto only Ciconia ciconia (w hite stork) had been investigated (Jacob, 1976) .
Material and Methods
The uropygial glands w ere excised from n a tu rally died zoo anim als and extracted with 60 ml ch loroform /m ethanol (2:1; v/v) each. A fter addi tion of 2 0 ml w ater to the extract, the low er layer, which contained all lipid m aterial, was evaporated to dryness. T hin-layer chrom atography on silica gel plates (D C -F ertigplatten, Kieselgel 60, E. M erck) indicated the presence of m onoester waxes, diester waxes, triglycerides, and a lipid class m ore polar than diester waxes , but less than tri glycerides (triester waxes). Lipids w ere purified by colum n chrom atography on silica gel (W oelm, 14.5% w ater co ntent) by elution with 100 ml cyclohexane/benzene (9:1; v/v) for m o n o ester waxes, 75 ml cyclohexane/benzene (3:2; v/v) for diester and triester waxes, and 50 ml benzene/chloroform (9:1; v/v) for triglycerides. M onoester waxes and triglyc erides w ere transesterified w ith 5% m ethanolic HC1 to give fatty acid m ethyl ester and alcohols (in case of m o n oester waxes). A fter chrom atogra phy of the m ixture on silica gel (see above) m ethyl esters w ere eluted with 1 0 0 ml cyclohexane/ben zene (3:1; v/v) and alcohols with 50 ml chloroform / m ethanol (95:5; v/v). The latter w ere oxidized by trea tm en t with C r 0 3/acetic acid in cyclohexane for 12 h (Jacob and Z em an, 1970) resulting in the cor responding fatty acids which th en w ere esterified 0 9 3 9-5075/96/0900-0743 $ 06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. The G C separation of all fractions was carried out with a 25m x 0.32mm NB 54 capillary colum n (N ordion; 0.25 jim) u n d er isotherm ical conditions (colum n tem p eratu re: 160°C o r 180°C; injection port and d etecto r tem perature:200°C ) using a D elsi D I 700 in strum ent ad ap ted to an electronic in teg rato r system Shim adzu C R 3A. E quivalent chain lengths (E C L values) w ere obtain ed from a sem i-logarithm ic plot of the reten tio n tim es against chain length with reference stan dards of unbranched fatty acid m ethyl esters (n -C 1 0 -C2 o)-
Erythro-2,3-dihydroxvhexadecanoic methylester
M ethyl ds-hex ad ec-2 -en o ate (90 mg) p rep ared from the acid by transm eth y latio n with 5% m eth a nolic HC1 was dissolved in 4 ml acetonitrile and added to a solution of RuC13 .H 20 (5 mg) and N a I 0 4 (105 mg) in w ater (1 ml) at 0°C. A fter a reaction tim e of 30 min a solution of N a2 S2 0 5 (500 mg) in w ater (10 ml) was ad d ed and stirred for 30 min at room tem p eratu re. The m ixture was ex tracted with 3 x 30 ml ethylacetate, the com bined extracts dried over M g S 0 4 and evaporated. 
R esults
A fter extraction and purification of the extracts by chrom atography on silica, fractions of m onoes ter, di-and triester waxes, and triglycerides w ere o btained the quantitative com positions of which are listed in Table I for the five species in vestigated. A fter transesterification with m ethanolic HC1 (m onoester waxes and triglycerides) or alkaline saponification (di-and triester waxes) w ith m etha- Table II . Constituents (fatty acids and alcohols) of the monoester waxes from five Ciconia species (in %). 25.6 8.7 -n-C n - nolic N aO H the wax constituents w ere analysed by G C using the relative reten tio n tim es and G C / MS for their identification. R esults are sum m a rized in Tables II-IV. A p art from com m on fatty acids and alcohols four types of hydroxy acids w ere observed as co n stituents of the diester and triester waxes th ree of which have previously been identified in o th er bird species, e.g. 2-hydroxy fatty acids in Ciconia ciconia (Jacob, 1976) , 3-hydroxy fatty acids in Col umba palumbus (Jacob and Z em an , 1972) , and 2-hydroxy-alkylm alonic acids in species not closely related to each o th er such as Anas strepera, Picus viridis, Turdus merula (Jacob and G rim m er, 1973) . In addition, d iester waxes w ere detected in C.abdimii and C.episcopus which contained a m ore p o lar type of hydroxy acid which turned out to be erythro-2,3-dihydroxy fatty acids. A typical mass spectrum exhibiting only poor fragm entation is p resen ted in Fig. 1 . A base peak of m /z 90 is sup posed to originate analogously to the M cLafferty rearra n g em e n t fragm ent m /z 74 observed in the Schmitz et al. (1975) .
The advantage of the additivity of ECL-increm ents in G C for the identification of lipid con stituents hardly can be overestim ated (Jacob, (Table II) and the diester waxes (Table III ). This confirm s the dendrogram s presented by P eters (1931) and Kahl (1979) as well as m ore recent results based on a m ulti-dim ensional scaling analysis of m o rp h o logical characters published by W ood (1984) . A lthough not yet been found in vertebrates, 2,3-dihydroxy fatty acids have previously been d e tected in plants linked to ceram ides and associated with 2-hydroxy fatty acids, e.g. in rice bran (Fujino and Ohnishi. 1976) , in bean species such as Phaseolus angularis (O hnishi and Fujino, 1981) , and P.vulgarus (K ojim a et al., 1991) , in fungi such as Polyporus officinalis (Cosovic and Prostenik, 1979) , Fomitopsis pinicola (A saw a and Yoshimoto, 1980) and Lactarius vellereus (Cosovic and P ro stenik, 1981) . They have also been found in b a k e rs' yeast (H oshi et al., 1973) and m ore recently, linked to lipopolysaccharides and along with 3-hy droxy fatty acids, in a variety of m icroorganism s from the family Legionella (M ayberry, 1981; Sonesson et al, 1989 Sonesson et al, , M oll et al., 1992 Sonesson et al., 1994) . The biological significance of these acids is not understood; antim icrobial and fungistatic properties, how ever, have been rep o rted for 2 -hy droxy-and 3-hydroxy fatty acids (Schildknecht and Koob, 1971 ) and similar, m ore species-specific interactions may play a role in the p rotection of the above species against com peting organisms. This aspect requires fu rth er basical investigations.
